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DIRECTIONAL STABILITY AND ROTARY DAMPING IN
YAW ON LATERAL STABILITY AND
CONTROL CHARACTERISTICS
By Hubert M. Drake

SUMMARY

The effects of large variations of the directional-
stability derivative Cnﬁ (rate of change of yawing-

moment coefficient with angle of sideslip) and the

rotary-damping-in-yaw derivetive Cnr (rate of change

of yawing-moment coefficient with yawing-angular-velocity
factor) on the lateral stability and control character-
1stics of a free-flying model have been determined by
flight tests in the Langley free-flight tunnel. The
effects of each parameter were investigated for three
values of the lateral-force derivative Cvy (rate of

chenge of lateral-force coefficient with angle of side-
slip). 1In the tests the allerons were used as the
principal lateral control.

Increasing Cnr for medium or large values of C,
and Cy, Wwas found to improve the stablility but to have

little effect on control and general flight behavior.
At low velues of C for low and moderate values

of Cy , moderate increases in C, n, glightly improved

the cogtrol and flight behavior but larger increases
caused the control, and hence the flight behavior, to
become worse.

Increasing ¢, was found to be beneficial %o
stabllity and control in all tests. The value of Cn
required to obtain satisfactory flight depended to soms
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extent on the accompanyling value of -CY s larger values
of Cn‘3 were required to obtain good flights with large
valuss of . Cvﬁ than with small veluss of CYB

INTRODUGTION

Some question has been raised as to the probable
lateral stability and control characteristics of alr-
vlanes having relatively low values of the directional-
stabllity derivative C, , the rotary-damping-in-yaw

derivative Cnypo and the lateral-force derivative CYB.

Interest in the effects of these derivatives has increeased
recently with the design of several sirplanes having small
values of some of these derivatives. An investigation

has been conducted, therefore, in the Langley free—flight

tunnel of the effects of indenendent variation of Cp

Cnr’ and Cy, on the stabllity and control of a flylng

model. The part of the investigatibn that dealt with
the effects of CYB has been previously reported in

reference 1. The present paper describes the results
of the investigation of the effects of an and Gn

for zero dihedrsal.

Changes 1in the values of CnB’
obtained by various combinations of vertical-surface area
and tall length so thst ons derivetive c¢ould be varied
while the other two were held approximately constant.

The serodynamlc characteristics of the varlous flight
configurations were determined by force tests and free-
oscillation tests,

SYMBOLS AND COEFFICIENTS

The forces and coefflcients were measured with
reference to the stability axes. A diagram of these
axes showing the positive directions of forces and
moments is presented as figure 1. The forces and coef-
ficlents used in the present paper &re 4s follows:

Cny.s and CYp were

N
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c 11ft coefficient (EE£E>
L as

-1
Cy rolling-moment coefficient ROll-g%bmoment>
C,  yawing-moment coefficient (YaWinisﬁoment

Tateral force)

o lateral-force coefficlent (

S wing area, square feet

b wing span, feet

q dynamlic pressure, pounds per square foot <%9V2>

A alrspeed, feet per second

¥ sidewise dlsnlacement, feet

P mass density o~f air, slugs per cubic foot

t time, seconds

B angle of sideslip, degrees

4 angle of yaw, degrees (for force-test data, ¥ = -p)

ot angle of bank, degrees )

Og stablllizer setting, degrees

Sg elevator dgflection, degrees

L rolling mément, about X-axis _ .

] yawing moment, about Z-axis

M pitching mowment, about Y-axis

8, rudder deﬁlectioq{ degregg

a angle of attack, degrees i _

Tl/z 'timg for oscillation to damp to_one—half amplitude,
econds



N NACA TN No., 110k

P period of lateral oscillation, seconds
Ky radius of gyration about X-axis, fegﬁ
ko, radius of gyration about Z-axis, feet

pb/2V helix angle generated by wing tip in roll, radians
15} rolling angular velocity, radians per second
r yawing engular velocity, radians per second

Cy effective-dihedral derivatiéé, that 1s, rate of
s change of rolling-moment coefficient with

oC
angle of sideslip, per degree —t

Girectional-stabllity derivative, that is, rate

c
op of change of yawing-moment coeff%gient with .
' C
sngle of sideslivp, per degree 7§§
Cnr rotary-damping~-in-yaw derlvative, that is, rate

of change of yawing-moment coefflcient with
yawing-angular-velocity factor, per radian

50y,
°)

Cy lateral-force derivative, that is, rate of change
B of lateral-force coefficlent with angle of

3Cy
sideslip, per degree E;n
g

APPARATUS AND MODEL . —

The tests were conducted in the Langley free-flight
tunnel described in reference 2. Force tests were mads
on the free~flight-tunnel six-component balance described
In reference 3 and free-oscillation tests to deter-
mine Cnr were made on the spparatus described in

reference l.
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4 three~view sketch of the model used in the tests
is shown as figure 2 and a photograph of the model is
shown as figure 3. The test model was so designed that
vertical tsils of different size fig. 2) could be mounted
at verious locations along the fuselage, both shead of
and behind the center of gravity. The fuselage was
deslgned to contribute as little lateral force as possible
in order to test small values of Cy,. The dimensional

and mass characteristics of the model are presented in
table I.

TESTS

Fange of Tests

The range of test conditlions covered in the investi-
gation is shown in figure L in the form of slope values
obtained from the force and free-oscillation tests of the
model in various conditions. The derivatives C, and

Cn
r
-0.0105, and -0.0205). CcChanges in C,_, Cnr’ and Cvy

wore obtalned by various combinsastions of vertical-surface
area and tall length so that one parameter could be
varied while the other two were kept approximately
constant.

were varied for three values of CYB" (~0.00lLk,

Flight tests were made at a 1lift coefficient of 0.5
for each of the conditions represented by the test polnts
shown in figure |

The aillerons were used as the principal control for
most of the flights wlth the rudder eilther fixed or
coordinated with silerons. A few flights were made with
independent rudder and dileron control to determine the
effects of this type of control on the flight character-
1stics of some of the configurstions tested. For con-
ditions in which the rudder control was not available,
the silerons were trimred un 10° in order to reduce the
adverse yawing due to the allerons. The ailerons were
also trimred up for sowe conditions in which rudder con-
trol was avallable in order for swaller rudder deflections
to be used to eliminate the adverse yawing. The total
aileron deflection used in the tests was 20°. This
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deflection gave a value of pb/2V of about 0,07, as
measured in rolls from level flight with rudder fixed.

Flight tests were made at an effective dihedral
angle of approximately 0° as measured by force tests.
Inasmuch as the vertlical tail contributes to the effec-
tive dihedral, the vertical talls requlired for the various
configurastions were added above or below the fuselage in
order to maintain the effective dihedral angle as near
0% as possible.

Throughout the tests the mass charactefistics were
maintained constant at the values given in table I.

Technique of Testing

Two methods of lateral control were used during the
tests. The first method was the normal means of control,
in which the alleron and rudder wereé coordinated to -
deflect at the same time and in which provision was made
for fixing the rudder in the neutral setting. In thils
way, flights were possible with ailerons alone. This
means of control is referred to as "coordinated control!
and, unless-otherwlse stated, was the type of control
used in the tests. 1The other method consisted of
applylng &alleron and rudder control. independently.'

Using this caontrol the pilot could at will apply the
rudder elther slone, against, or with the ailerons.  __
Thls type of control is referred to as "independent
alleron and rudder control." 1In hoth of these methods
the aileron and rudder deflected sbruptly to.full

travel when the control was applied. - - e

The model was.flown at each of .the testcondltions
represented by the parameter values -in figure l.
Graduated ratings on stability, control, and general
flight characterlstics were assligned each test condi-
tion from the pilot's obgervations of the model in
flight, The stability and control ratings used were
a8 follows:

rating Stabllity or control
A food _: -
B Felr
C Poor
D Very poor




NACA TN Wo, 1104 T

Plus or minus ratings were assigned to indlicate slight
but perceptible chenges in the rating. Motion-nicture
records of some flights were made to permit more careful
study of the flight characteristics and thereby to aid
observers in making more accurate flight ratings.

The atability of a free-flylng model in the Langley
free-flight tunnel 1s generally determined from the
steadiness of flight in the rather gusty air of the tunnel.
A very stable model returns to its original flight path
more rapldly after receiving a gust disturbance and
generally does not tend to move as far from its origlnal
flight path as one with less stability. Greater stability
is thus indicated by greater steadiness. For unstable
conditlions the degree of instability is judged from the
rate at which. the model deviates from a straight and
level flight and from the frequency of control applica-~
tion required to maintaln steady flignt.

The control rating is determined from the ease with
wvhich straight and level flight is maintained and from
the response of the model to control applications
designed to perform maneuvers. Any unnatursl lag or
motion In the wrong direction is judged as _poor control.

The general flight-behavior ratings, graduated from
excellent to unflyable, are based on the over-all flying
characteristics of the model. The ratings indicate the
ease with which the model can be flown, both for straight
and level flight and for performance of the mild maneuvers
nossible in the tunnel. Any abnormal characteristics of
the model are judged as poor general flight behavior when
they are disconcerting to the free-flight-tunnel pilots.

RESULTS AND DI SCUSSION

The results of the investigation to determine the
effects of Op, and Cp, are shown in figures 5 end 6,

which present ovllot's ratings for the stabllity, control,
and general flight characterlstics for the test polints
.shown in figure L. It should be remembered that these
results were obtained for an effective dihedral angle

of 0° <CZB = O> and are strictly true only for this

dihedral. The trends shown herein, however, are believed
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to be independent of the -dihedral. The effects of
dihedral have been reported 1in reference 5.

Since comvletely separating the effects of the
three parsmeters Cny» Cps &and 'GY is impossible,
r _ :

some of the data reported in reference 1 are referred
to in this paper. TFor a complete discussion of the
effects of CYB’ reference 1 should be used.

Effect of Cnr

Effect of Gnr - on stability.= Flgure 5 shows that
a slight increase in stablillity occurred as - Cpy was
¢
increased for all three values of Cy_  at 2ll but the

smallest values of Cp,.. Celculations of tke variation

in period and damning of the lateral oscillatlon with
changing Cnr were made by the method of reference 6

for a value of (v, = -0.0105 and are preéénted in

figure 7. These calculations agree with the exverimental
results; that is, increasing C, increases the damping
r

of the oscillation and thereby increases tﬁe stablillity
of the model. Tn general, the effécts on siability of
varying Cnr were simllar to those of varying CY

revorted in reference 1.

Effect of Cp_ on control,- The effecgion control

of varying Cp, 1s shown in figuremé‘to be small and
to be dependent upon the accompanylng value of Cp,°

Wor the largest values of CnB tested, very little

change was noted in the control wlth increased Cp_
T

At the lowest values of Cp for low and modersate

values of Cvy,, the model control improved wlith moderate
Increases in Cnr
in Opp,. Thls result mlght be explained as follows: At
very low values of Cp the model yzwed to largs

angles as a result of gusts or control deflections,

but bscame worss with larger increases _
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A moderate increase in Cnr causeC & notlceable improve-

ment in flight behavior by increasing the stability and
thus reducing the frequency of control application
required to maintain steedy flight. 8till further
increases in Gnr’ however, increased the stability to

such an extent that , once the model reached a large
angle of yaw, the high damping csused the return to
zero yaw to be so slow that difficulty was encountered
in controlling the model by use of the allerons.

At the low values of ¢,

P
were made to determine how the use of "indevendent
alleron snd rudder control! woulcé alter the effects
of Cp on general flight characteristics. Flights

w1th.thls means of control were made by two methods:
(1) the ailerons were used to hold the wings level
while the rudder was used to move the model laterally
in the tunnel, and (2) the rudder wss used to wmaintain
zero sideslin while the ailerons were used to movse the
model laterallv in the tunnel. At low values of G,

the control as described in methods (1) end (2) was
ebout the same ss that with "coordinated control," the
normal means of control. Wwith the lsr:e values of Cnr’

and Cy, some flights

method (2) showed a marked lmprovement in control over
the "coordinated control" but method (1) gave slightly
worse control charrcteristics. This result was obtained
bscause the rudder control over the sidewise motion was
extremely slow and much less effective than aileron
control.

Effect of ¢Cp_ on general flight characteristics.-
r

The ratings of the general flight charscteristics are
oresented in the control-rating charts of figure 6 as
sevarated reglons. These ratings indicate that Cp

T
had very 1little effect on the general flight behavior
except at the lowest values of Cp for the low and

moderats values of CY . At thsse values, moderste
increases in cnr improved the gemneral flight bchavior

of the model., W%with further increasss in the wvaelus
of Cn » however, the flight rastings became lowsr

because of the dsterioration in the controllabili’t:‘r st
large values of Gnr'
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Effect of Cn

The effect of (,, on the stability and control of
the model is shown in figures 5 amnd 6. 1Inéreasing Cp.
was found, in general, to be benefloial to both stabllity
and control. o - - T

The beneficial effect of (¢,  was modified to a
considerable extent by the acoompanying values of CY

and, to a lesser extent, by the accompanying values
of Cn An increase in the value of GYB from -0,00LY

to -0, 0205 requlired. about a 100 percent increase in the
value of Cp to maintain & general flight rating of

good. For any velue of Cy in the range tested a

value of 'Cp of about O, Oglu was required to obtatn
fairly satisfactory flights. A velue of Cp of

about 0.0022 was required, however, to obtain entirely
satisfeactory flights. .

Tn flights made at the lowest steble velues of ¢y
and CYB the model wss very controllable, but the flights C

were characterized by a long-period large-amplitude _ .
yawing osclllation that was objectlonable to the pilot.

This objectionable yawing oscillation offset the good

control to some extent and thus affected the general

flight rating. For example, the polnt Cy. = -0.00

Cnp = 0.,0001, ¢ n, = -0. 085> was glven a control

rating of good but a general flight behavior rating
of barely fsir. s

Time hlstories of flights made at a low value L

of Cun

made in the course of the 1lnvestigstion repdfted in
reference 1; therefore the values of GYB are not

the same as in the present investigation., The flight
behavior shown by these records, howsever, 1s very
similar to that noted in the present tests. The

are shown in figure 8. These flights were _ o
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large-amplitude yawing oscillation shown in the motion-
plcture records has been’previously reported for other
airplanes (model and full-scale tailless designs) having
smgll viluss of Cnﬁ and.CYE and wvag similarly objection-

able to both free-flight-tunnel and alrplane pilots. The
record of control application shows that the model with
low Cvy wes very controllable, requiring only an

occasional brief flick of the controls. ¥Fhen Cv was

., Increased to the larger value, the model was barely flyable
- and relatively insensitive to control. These effects
of GYB are described more completely in reference 1.

A motion~plcture record of a flight made with
negative directional stebility is presented in fig-
ure 9. The model in this condition was directionally
unstable but the divergence was relatively slow.
Although the divergence was nct affected by the aileron
control, the model could probsbly have been controlled
by use of indevendent rudder. For this configuration,
however, independent rudder control was not available.

CONCLUSIONS

The results of tests conducted in the Langley free-
flight tumnel to determine the effects of the rotary-

damping-in-yaw derivative Cy (rate of change of

T
yawing-moment coefficient with yawlng-angulaer-veloclty
factor) and the directional-stability derivative CnB

(rate of change of yawing-moment coefficient with angle
of sideslip) on lateral stability and control character-
istics may be summarized as follows:

l. Increasing OC, increased the stabllity of the
r

model but had 1ittle effect on the control or general
flight behavior for g1l but the lowest values of Cy

and CYB (rate of change of lateral-force coefficient
wlth angle of sideslip). At low values of (Cp for
low aend moderaste values of Cy o2 moderate lncreases

in Gnr slightly improved the control and flight

behavior but lerger incrceasss caused the control, and
hence the flight behavior, to become worse.
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2. In general, increaslng G, wgg beneficlal
to stability and control, The value of Cna requlred
i..

for satisfactory flight characteristics was found to
devend to some extent on the accompenying values of CY53

larger values of (, _  were required to obtain good

flights with large vaelues of Cyﬁ_ithan with small valué;

of CYﬁ'

3. At large valuss of ¢, for small and moderate J
Np
values of Cnﬁ and Cy" the control was 1moroved by

the use of 1ndePendent slleron and rudder, lf the rudder
was used to malnteain zero sideslip while the ailerons
were used to maneuver the model. Vhen the allerons
were used to hold the wings level whlle the rudder was
used to mansuver the model, the model was wmore diffi-.
cult to control then when the ailerons alone were used.

Langley Memorial Aeronautical LaboFatory - -

Matlonal Advisory Committee for Aeronsutics
Langley Field, va., ¥arch 27, 1946
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TABLE I

MASS AND DIVMENSIONAL CHARACTERISTICS OF MODEL

“Jeight, 1b [ L] L] L] . . . . . . . . . L] L] . . . s . 5- 05

ing
Area, 89 £t v v ¢ ¢« 4 e e v e e e e e e 0w e . 2.867
o= O [ o
Agnect ratio + v ¢« v v v 0 s s v e s s o« e s 5,0
Mean aerodynemic chord, feet v e e e s o« s s s 0.70
Sweepback of 50-percent~-chord line, deg . . . . 9]
Dihedral, de P 0
Taner ratio %ratio of tip chord to root chord) . 0.50
Koot chord, f£t . ¢« « + ¢« + « ¢+ v ¢« &« &« & &« « « « 0.90
Tin chord, £t + ¢« + ¢« o v v + o o o« o o . 0.45
Loading, 1b/sq ft . . . . + « . . . 1.39

Radii of gyration .
.Lc ft . . L] L ] L] L] L] . . . L] a L] . . . ’ . L] . . O. 625

..X,
kZ, ft LI T s e @ [ & s s ¢ s ¢« o e s . . . . a O.Ul

Aileron
Ty-ae L) L} L] . . L ] L] L ] L] [ ] [] L] L] [ ] L] l- L ] [ . . L] . Plaln

Arca, Dercent § . 4 4 4 6 s s e s e v e 4 e
S?an, Dercent b L L [ ] . L[] . . » 1 . £ ] L L] [ ] . » I_:.O

-3
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Figure /.~ The Stobility Sysfem of axes. Arrows indicate
positve  directions  OF  momerts, forces, and control-
suface deflechons. This System o axas /s defined &
an orthogonal spstemn  having their  origin al e
center of gramly and In which the Z-axis 151 The
plane  of symmetry and perpendicular 7o the relative
wind, the X-axs 1s in the plane of symmetry and
perpendicular o the Z-aws, and the Y-axis Is
perpendiculer * to the plare of  symmerry.
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Flgure 2.-Three-view Sﬁe;‘c/; of mode/ used 17
Jateral -stability 1mvestigation. All Qdimensions

are 17 1nches'.
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Figure-3.- Three-quarter front view of model used in
rotational-damping and directlonal-stability investi-
gatlon in Langley free-flight tunnel showing tail 1
inatalled.
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Flgure 7 . — Calculated effects of varying Cp. on the
characreristics of the Jareral osci//ar/on. C/;/ = -0.0/05;
CL=0.5; Cy= 0. # ]



NACA TN No. 1104 Fig. 8a,b
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Figure 8. - Motfon-picture records showmng Fl1ghts at small values
Cny fOr #wo values of Cgﬁ. %zd&:&%f j Cp.== 09/

of Cnﬁ



Fig. 9 _ NACA TN No. 1104

40 _
| Aty
N //
S )
X "
:
o #_ 3 va
N\ ~
N “ . /
N -~
S 2
\b - R 4
S /68 2 '- //
Q § /
~ 8 -
I 1 A |/ ,
.>‘ 8 ‘G / /’ /1’ jl\ _y—"
Y4~ T o >
o 3 /'/ = /
§ ,g 5 | \\ ’/
0”0 ™ 7
\\_,//
A//c;ro7
contro
3
- L Lef?t
Z| 777 7| R Rignt
o 4 N L2 /6 2.0
7ime | ¢, sec NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
Flgure 9 . — Mofron - preture record of FAight with .

negative airectorial stabiity . Cp 2% = O 0004 ;
ng = -0.0/05 ; Gnr =-0.02¢ ; & =05



